A family of acyl-CoA oxidase isozymes catalyse the first step in the peroxisomal fatty acid /?-oxidation spiral. Our group and others have recently characterized four genes from this family in the model oilseed Arabidopsis. These genes encode isozymes with different acyl-CoA substrate specificities, which together encompass the full range of fatty acid chain lengths that exist in vivo.
Introduction
Peroxisomal /?-oxidation is the major pathway of fatty acid catabolism in higher plants. This T h e first step in /?-oxidation is catalysed by acyl-CoA oxidase [l] (ACX, EC 1. 3.3.6 ). This enzyme catalyses the conversion of fatty acylCoAs to trans-2-enoyl-CoAs and is believed to be important in exerting control over the rate of carbon flux through the pathway [4, 5] . T 
T h e AtACX2 amino acid sequence was similar to a pumpkin cDNA previously designated as a longchain acyl-CoA oxidase based on immunological evidence [ 1 13. Hayashi and co-workers [13] overexpressed the ACAD homologue (AtACX4) in a baculovirus expression system and showed that the protein has short-chain ACX activity. Seedlings of the acx3 mutant show a deficiency in medium-chain ACX activity while long-and short-chain activities are unchanged [15] . Overexpression of the ACX3 protein in E. coli confirmed that ACX3 has medium-chain ACX substrate specificity (Table 1) . T h e Arabidopsis ACX gene family therefore comprises four genes with substrate specifities that encompass the full range of acyl-CoA chain lengths that exist in vivo.
T h e long-, medium-to-long-and mediumchain ACX isozymes share common characteristics in terms of their affinity for their respective substrates, subunit molecular masses and native aggregation states (Table 1) . However, shortchain ACX differs in that it has approximately double the K , of the other isozymes and is a homotetramer rather than a dimer (Table 1) . Phylogenetic analysis shows that ACX4 clusters with ACADs rather than ACXs [13] . Interestingly, mammalian peroxisomes lack the ability to /I-oxidize short-chain acyl-CoAs and ACX4 is therefore unique to plants [13] . I t has been suggested that ACX4 might have arisen from mitochondria1 ACADs, gaining a PTS during evolution [ 1 31.
All the members of the A C X gene family are likely to encode peroxisomal proteins. T h e localization of ACX4 and ACX3 have been demonstrated by cell-fractionation experiments and/or immunolocalization [ 1 3,151. Both ACXl and ACX4 have C-terminal PTSl targeting signals [12, 13] . ACX2 and ACX3 contain a putative PTS2 at the N-terminus [12, 14] . T h e pH optima of all four isozymes are similar and in the alkaline range, which agrees with a recent report that the peroxisome matrix is basic [17] .
Gene expression and enzyme activity
Transcript and/or protein levels for all four genes increase dramatically during Arabidopsis seed germination [12, 13, 15] . Levels peak approx. 2 days after seed imbibition when lipid reserves are being mobilized most rapidly and thereafter decline. W e have used the promoter-trapped acx3 mutant line to demonstrate that AtACX3 is regulated predominantly at the level of transcription during germination [ 151. T h e transcript abundance of AtACX1 and AtACX2 is 3-5-fold greater in 2-day-old seedlings than in 7-day-old plants [12] . These differences are reflected closely by ACX activities (Table 2) . T h e activities of short-chain and mediumchain ACXs are around 10-fold higher than the long-chain activity (Table 2 ). This pattern is consistent at the two stages of seedling development shown in Table 2 and is also found in mature leaves of Arabidopsis [18] . Seedlings of acx3 contain less than 5 o/, of wild-type mediumchain ACX activity yet lipid catabolism is not impaired during germination [15] . These data are consistent with the hypothesis that among the ACX isozymes long-chain ACX plays the predominant role in controlling the rate of fatty acid breakdown.
Conclusions
In conclusion our group and others have cloned and characterized A C X isogenes from Arabidopsis. This family is composed of at least four isozymes with different substrate chain-length specificities. Together they can account for the catabolism of the full range of fatty acids present in oiao. Further work will be required to determine the physiological role(s) of these genes, both as a family and individually.
